
So2 THE JOURNAL OF INDUSTRIAL 

The percentage of starch, as determined by acid- 
hydrolysis, is invariably lower in the shaded sam- 
ple. But, contrary to our expectations, the effect 
upon the starch content is less marked than that 
upon the mineral and nitrogenous matter. In  no 
case is the proportional decrease in starch equal 
to the corresponding increase in the other two 
constituents. 

The column headed “ undetermined” represents 
the difference between the total of the five prox- 
imate constituents as determined by the official 
methods and IOO per cent. What this undeter- 
mined constituent may be or whether it is simply 
carbohydrate matter not accurately estimated by 
the admittedly empirical methods of analysis is a 
question which many investigators have as yet 
failed to solve. However, if the last three columns 
were totaled and reported simply as “ carbohy- 
drates,” the effect of the shading upon this con- 
stituent group would be identical with that shown 
by the starch determinations in every case. 

In  brief, then, i t  may be said that the shading, 
whatever the texture of the material used or the 
length of the shading period, caused an increase in 
the percentage of moisture, mineral matter, and 
nitrogenous matter, and a decreased percentage of 
starch or carbohydrates. Rut the increase in other 
constituents is not directly proportional to the 
decrease in starch. Hence, we conclude that the 
changes produced by the shade are not simply a 
deterrence of the elaboration of starch or carbohy- 
drates in the absence of direct sunlight, but other 
physiological changes are induced by the shading. 
This opens an interesting field for study by the 
plant physiologist. That the attention of other 
investigators is being attracted to this problem is 
shown by the recently published results of Lubi- 
menkol and the controversy between Rawson and 
Ingle and Evans2 as to whether observed changes 
in composition are actually due to differences in 
available sunlight or to changes in temperature in- 
duced by the shading medium. 

The thanks of the writer are due to Mr. H.  R. 
Watkins and to Mr. Geo. A. Olson for the analytical 
work reported in this article. 
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The facts which are noted in the literature of 
explosives concerning the potassium- iodide- starch 
paper used in the heat test or Abel test, are found 
to be misleading in many cases, particularly as to 
its keeping qualities and the effect of light on the 
paper. The following work on this subject was 
carried out by the author while in charge of the 
chemical laboratory of the Navy Smokeless Powder 
Works, a t  Indian Head, >Id. Heat test paper pre- 
pared in this laboratory with proper precautions 
and preserved in tight stoppered dark bottles has 
been found in perfect condition after a period of 
eight years. 

The method of preparation is about the same 
as that usually employed, except that the paper 
before treating is washed for only a short time in 
distilled water (dipping for about IO seconds), 
also the potassium iodide and starch solutions are 
cooled before mixing. 

The paper used is Schleicher and Schiill’s 597. 
This quality of paper weighs about j grams per 
IOO sq. in. I t  is cut in strips about 24” x 6”, and 
after washing hung on clean cords over night to 
dry in a room free from fumes. 

The best quality of potassium iodide obtainable 
is recrystallized three times from hot absolute alco- 
hol, then dried and I gram dissolved in 8 oz. dis- 
tilled water. Corn-starch is well washed by decan- 
tation with distilled water, dried a t  a low tempera- 
ture, 3 grams rubbed into a paste with a little 
cold water and poured into 8 oz. boiling water in 
a flask. After boiling gently for ten minutes, the 
starch solution is cooled and mixed with the potas- 
sium iodide solution in a glass trough. 

The washed and dried paper is then a t  once 
dipped in this mixture, immersing each strip for 
about IO seconds, and hanging one end over a clean 
cord to dry. The dipping is done in a very dim 
light and the paper left over night to dry in a per- 
fectly dark room. Every precaution must be 
taken to insure freedom from contamination in 
preparing the materials, and absence of laboratory 
fumes which might cause decomposition. When 
dry, the paper is cut into pieces about I ”  x 318” 
and preserved in tight glass-stoppered bottles, the 
edges of the large strips being first trimmed off 
about 114 in., to remove portions which are some- 
times very slightly discolored. The finished paper 
should be of good white color. It has been found 
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that  the test paper will invariably give a colora- 
tion with acetic acid, the intensity of the test de- 
pending on the strength of the acid used. I n  the 
report of His hlajesty’s Inspector of Explosives, 
for 1907, it is stated that washing the paper in IO 

per cent. acetic acid and then in water, before 
dipping in the KI-starch solution, removes impuri- 
ties from the paper, thus preventing the discolora- 
tion in the acetic acid test. These results have not 
been confirmed by experiments made by the author. 

The method of testing relied on is that of com- 
paring the new paper with regular stock paper 
which has been found satisfactory. This is done 
by  making comparative tests a t  65.  jo C., on the 
same sample of nitrocellulose, under as near as 
possible the same conditions, a series of five tubes 
of the sample containing varying amounts of mois- 
ture being used for each test and the minimum 
test of each series noted. A new lot of paper is 
usually tested within one week after preparation 
and should give results agreeing closely with those 
of older lots. 

In  the following tables are noted the results of 
comparisons of different papers of widely varying age. 

Date of prepara. Age ofpaper 
a t  time of test. tion of paper. 

12- 7-06 
6- 8-06 
5-30-06 
4-19-06 
3-19-06 
6-28-05 
3-18-05 
2-10-02 

Jan. -03 
Apr. -00 

9-25-08 
9- 10-07 
6- 8-06 
6-27-05 
8-12-04 
5-23-031 

10-1 1-02 1 
7-19-01 

10-24-00 

4- 2-07 
6-2 1-07 

10- 5-07 
9-10-07 

11-12-07 
6-2 1-07 

2- 8-07 
12- 7-06 

12- 7-06 
6- 8-06 

12- 7-06 
6- 8-06 

12- 7-06 
6- 8-06 

3 months 
9 months 

10 months 
11 months 

1 year 
1 year, 9 months 
2 years 
5 years 
3 months 
3 years 
5 months 
1 year. 5 months 
2 years, 8 months 
3 years, 8 months 
4 years, 6 months 
5 years, 9 months 
6 years, 4 months 
7 years, 7 months 
8 years. 4 months 

2 months 
6 days 

10 days 
35 days 

1 day 
5 months 
1 day 
2 months 
2 days 
6 months 
1 %  months 
7 % months 
1 % months 
7 months 

Nitrocell u l o s ~  
I.Ot NO. 

2462 
2462 
2462 
2462 
2462 
2462 
2462 
2462 

914 
914 

3505 D 
3505 D 
3505 D 

3505 D 
3505 D 
3505 D 
3505 D 
3505 D 

Sample X 

2812 
2812 

2855 
2855 

2446 
2446 

2377 
2377 

2413 
2413 

2401 B 
2401 B 

3505 D 

Heat test 
a t  65.5 C. 

Min. 
44 
46  
44 
44 
44 
47 
43 
43 

36 
32 

34 
36 
35 
35 
35 
21  
20 
34 
33 

26 
26 

43 
45 

5 1  
50  

50  
50  

56 
52 

43 
45 

16 
18 

1 (SoTE.-The papers of 5-23-03 and 10-11-02 were preserved 
wrapped in paper and placed in a tin box with loosely fitting cover, 
within a closed drawer. The low test is undoubtedly due to deteriora- 
tion.) 

Except where noted, all samples had been kept 
in tight glass-stoppered black bottles since manu- 
facture, being opened only occasionally for the pur- 
pose of taking out a supply of paper. 

From these results i t  is evident that  potassium- 
iodide-starch paper, when properly prepared, is 
in condition for use within 24 hours after dipping, 
and when properly preserved will remain in good 
condition practically indefinitely. 

To determine the effect of light, a batch of test 
paper was divided up in four bottles of different 
colored glass-plain colorless, amber, blue and 
black (opaque), the bottles tightly stoppered and 
sealed, and placed in a window ledge receiving good 
light but not direct sunlight. After three weeks’ 
exposure, the same lot of nitrocellulose was tested 
with paper from each bottle and also from the 
regular stock paper. Results of test: 

Paper. 

Heat test at 6 5 . p  C. 
Sample A. 

Min. 
Regular stock.. ..................... 59 
Colorless bottle..  .................... 48 
Amber bottle. ....................... 60 + 
Blue bottle. ......................... 60 + 
Black bottle. ........................ 60 + 

The- bottles were then exposed to direct sun- 
light for a total of 106 hours and samples of nitro- 
cellulose tested with each paper as before: 

Heat test 65.j0 C. 

Sample B. Sample C. 
Paper. Min. Min. 

7 - 
. . . . . . . . . . . . .  Regular stock.. 21 45 

Colorless bottle.. 20 46 
Amber bottle.. 20 5 1  
Blue bottle.. . . . . . . . . . . . . . . . .  20 44 
Black bottle.. 2 0  50  

. . . . . . . . . . . .  
. . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  
During a further exposure to light for two months, 

a large portion of the time to direct sunlight, the 
blue and brown bottles were broken. Tests of 
the other samples were as follows: 

Paper, 

Heat test 65.j0 C. 
Sample C. 

Min. 
Regular stock.. . . . . . . . . . . . . .  45 
Colorless bottle.. . . . . . . . . . . . .  48 
Black bottle.. . . . . . . . . . . . . . . .  44 

Apparently the action of light on hcat test 
paper for even considerable periods is not in the 
least deleterious, provided there is no contact 
with moisture or fumes. There are reasons, how- 
ever, for the belief that  the paper, when freshly 
prepared, is more sensitive to the action of light 
than after i t  has aged for a time. 
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